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(57) A method for selectively obtaining carbon nan- 
otubes having specific structures by selectively obtain- 
ing carbon nanotubes having structures different from 
the structures of the carbon nanotubes to be vanished 
by irradiating carbon nanotubes with a light beam of sin- 
gle wavelength so as to have carbon nanotubes in spe- 
cific electron states in the excited states, and oxidizing 
and combusting the carbon nanotubes in the excited 
states by an oxygen or an oxidizing agent so as to vanish 
the same. 



Fig. 1 




(siiun-qie) A|]sueiu| 



Q. 

LU 



Printed by Jouve, 75001 PARIS (FR) 



EP1 591 417 A1 



1 

Description 

Technical Field 

[0001] The present invention relates to a method for 
selecting structures for carbon nanotubes by the light 
irradiation. More specifically, the present invention re- 
lates to a method for selecting structures for carbon na- 
notubes by the light irradiation, capable of selectively 
obtaining only carbon nanotubes having specific struc- 
tures by the light irradiation and the combustion at a low 
temperature. 

Background Art 

[0002] Since the discovery of the carbon nanotube, 
its application to electronic semiconductors, electronic 
devices, or other fields has been strongly expected, and 
various studies have been carried out by a large number 
of researchers. 

[0003] Among the carbon nanotubes, for example, a 
single-wall carbon nanotube has a shape with a piece 
of a graphite sheet comprising a six membered ring of 
carbons rolled like a cylinder. Depending on the rolling 
style of the graphite sheet, that is, the diameter of the 
carbon nanotube and the chirality (helical degree), the 
conductivity of the carbon nanotube differs completely 
so as to provide a metal or a semiconductor. 
[0004] However, according to the production method 
for carbon nanotubes so far, the diameters or the chiral- 
ities of the carbon nanotubes to be produced cannot be 
controlled so that only inhomogeneous ones can be ob- 
tained, and thus the difference of the conductivity of the 
carbon nanotubes provided by the diameters or the chi- 
ralities has not been utilized sufficiently. 
[0005] In contrast, recently, it was revealed that the 
chemical reaction can be promoted by the light irradia- 
tion. These days, It was also found out that the Fiahren's 
reaction is carried out by the assistance of the light ex- 
citation. In view of these facts, it is considered that the 
light irradiation has a possibility to have any influence 
on the chemical reaction of the single-wall carbon nan- 
otubes (SWNTs), however, the influence to the chemical 
reaction of the single-wall carbon nanotubes by the light 
irradiation has been completely unknown so far. 
[0006] Then, in view of the above-mentioned circum- 
stances, the present invention has been achieved, and 
its object is to provide a method for selectively obtaining 
carbon nanotubes, capable of solving the problems of 
the conventional technique, having structures different 
from the structures of the carbon nanotubes to be van- 
ished by selectively combusting and vanishing carbon 
nanotubes of specific structures. 

Disclosure of Invention 

[0007] In order to achieve the above-mentioned ob- 
ject, the present invention firstly provides a method for 



selecting structures for carbon nanotubes by the light 
irradiation, characterized in selectively obtaining carbon 
nanotubes having structures different from the struc- 
tures of the carbon nanotubes to be vanished by irradi- 

5 ating carbon nanotubes with a light beam of single 
wavelength so as to have carbon nanotubes in a specific 
electron states in the excited states, and oxidizing and 
combusting the carbon nanotubes in the excited states 
by an oxygen or an oxidizing agent so as to vanish the 

10 same. 

[0008] The present invention secondly provides the 
method for selecting structures for carbon nanotubes by 
the light irradiation according to the first invention, char- 
acterized in that the carbon nanotubes in the excited 
15 states are vanished by oxidizing and combusting at a 
temperature of 0°C or more and 500°C or less. 
[0009] It thirdly provides the method for selecting 
structures for carbon nanotubes by the light irradiation 
according to the first or second invention, characterized 
20 in that the oxidizing agent is a hydrogen peroxide water, 
a nitric acid or a potassium permanganate. 
[0010] It fourthly provides the method for selecting 
structures for carbon nanotubes by the light irradiation 
according to any one of the first to third inventions, char- 
ts acterized in that light beams having different wave- 
lengths are irradiated to the carbon nanotubes respec- 
tively for selectively oxidizing and combusting carbon 
nanotubes having specific structures corresponding to 
the wavelength of each light beam so as to vanish the 
30 same. 

[0011] Furthermore, it fifthly provides the method for 
selecting structures for carbon nanotubes by the light 
irradiation according to any one of the first to third in- 
ventions, characterized in that only carbon nanotubes 

35 having specific structures are selectively obtained by ir- 
radiating the carbon nanotubes successively with a plu- 
rality of light beams having different wavelengths. 
[0012] Moreover, it sixthly provides the method for se- 
lecting structures for carbon nanotubes by the light irra- 

40 diation according to any one of the first to fifth inven- 
tions, characterized in that the carbon nanotubes are 
single-wall carbon nanotubes. 



ig an example of Raman 
it of the present invention, 
an example of absorption 
it of the present invention, 
ig an example of Raman 
diment of the present in- 



Best Mode for Carrying Out the Invention 

[0014] The present invention has the above-men- 
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[0013] 

FIG 1 is a graph showin 
spectra of an embodimen 
so FIG 2 is a graph showing 
spectra of an embodimen 
FIG 3 is a graph showin 
spectra of another embo 
vention. 

55 
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tioned characteristics, and the embodiments thereof will 
be explained hereafter. 

[0015] A method for selecting structures for carbon 
nanotubes by the light irradiation according to the 
present invention is largely characterized in selectively 
obtaining only carbon nanotubes having structures dif- 
ferent from the structures of the carbon nanotubes to be 
vanished by irradiating carbon nanotubes with a light 
beam of single wavelength so as to have carbon nano- 
tubes in specific electron states in the excited states by 
absorbing the light beam, and oxidizing and combusting 
the carbon nanotubes in the excited states by an oxygen 
or an oxidizing agent so as to vanish the same. At the 
time, the carbon nanotubes in the excited states can be 
vanished by preferably oxidizing and combusting at a 
temperature of 0°C or more and 500° C or less. 
[0016] That is, by irradiating the carbon nanotubes 
with a light beam of a single wavelength, only carbon 
nanotubes having specific structures can be vanished 
by combustion at a low temperature of 0°C or more and 
500°C or less, and as a result, carbon nanotubes having 
structures different from the carbon nanotubes to be 
vanished can be obtained selectively. 
[001 7] As the light beam to be irradiated to the carbon 
nanotubes, any light beam can be used as long as it is 
a single wavelength light beam, and it may be a laser 
light beam or a non laser light beam. Moreover, in the 
case the carbon nanotubes are to be oxidized by an ox- 
ygen, it may be carried out in the atmosphere with the 
presence of an oxygen to the degree capable of oxidiz- 
ing the carbon nanotubes. For example, it may be in the 
atmosphere including not only the oxygen, such as in 
the air. In the atmosphere including the oxygen, carbon 
nanotubes of specific structures can be combusted in a 
temperature range of 100°Cto 500°C. 
[0018] Moreover, on the other hand, as an oxidizing 
agent for oxidizing the carbon nanotubes, an optional 
oxidizing agent can be used. In particular, a hydrogen 
peroxide water, a nitric acid or a potassium permanga- 
nate can be used preferably. For example, in the case 
a hydrogen peroxide water (concentration 1 0 to 30%) is 
used, carbon nanotubes of specific structures can be 
combusted and vanished in a range of 0°C to 1 00°C. 
[001 9] As mentioned above, according to the method 
for selecting structures for carbon nanotubes by the light 
irradiation of the present invention, since carbon nano- 
tubes having specific structures can be excited for pro- 
moting the oxidization thereof by irradiating the carbon 
nanotubes with a single wavelength light beam, and 
thereby the carbon nanotubes excited by heating at a 
low temperature can be combusted and vanished, car- 
bon nanotubes of a good quality, having specific struc- 
tures can be obtained without damaging the carbon na- 
notubes remaining without vanishing. 
[0020] Moreover, according to the method for select- 
ing structures for carbon nanotubes by the light irradia- 
tion of the present invention, since light beams of differ- 
ent wavelengths are irradiated to the carbon nanotubes 



4 

for selectively oxidizing and combusting carbon nano- 
tubes having specific structures corresponding to the 
wavelength of each light beam so as to vanish the same, 
carbon nanotubes of necessary structures can option - 
5 ally be obtained selectively. 

[0021] Furthermore, since a plurality of light beams 
having different wavelengths are irradiated to the car- 
bon nanotubes successively, only carbon nanotubes 
having specific structures further limited compared with 
10 the case of irradiating with a light beam of a light beam 
of one wavelength can be obtained selectively. 
[0022] By using the above-mentioned method, car- 
bon nanotubes having the necessary electric character- 
istics such as a metal and a semiconductor can selec- 
ts tively be obtained easily. 

[0023] The method for selecting structures for carbon 
nanotubes by the light irradiation according to the 
present invention can be carried out particularly for sin- 
gle-wall carbon nanotubes so that single-wall carbon 
20 nanotubes having specific structures with the necessary 
electric characteristics can easily be obtained certainly. 
[0024] Hereinafter, with reference to the accompa- 
nied drawings, the embodiments of the present inven- 
tion will be explained in further details. Of course the 
25 invention is not limited to the examples herebelow, and 
it is needless to say that various embodiments can be 
used for the details. 



[0025] Single-wall carbon nanotubes produced by the 
HiPco method as a method for synthesizing carbon na- 
notubes by heating a carbon monoxide at a high pres- 
sure (CO + CO — > C + C0 2 ) were treated with HCI for 
eliminating Fe. Then, light beams having 370 nm, 420 
nm, 500 nm and 620 nm wavelengths were used for the 
light irradiation each at 320° C for 2 hours in the air. 
[0026] The Raman spectra thereof are shown in FIG 
1 . As it is known by the comparison with the case without 
the light irradiation, although a light beam having a 370 
nm wavelength does not influence the oxidization of the 
single-wall carbon nanotubes at all, the light beams of 
the other wavelengths promoted the oxidization of the 
single-wall carbon nanotubes having specific struc- 
tures. In the case a light beam of a 420 nm wavelength 
is irradiated to the single-wall carbon nanotubes, as it is 
shown by the Raman spectrum, the single-wall carbon 
nanotubes of a 0.96 nm diameter and a 1 .0 nm diameter 
were completely vanished, and those of 1 .1 nm and 1 .2 
nm diameters remained without vanishing. In the case 
of the irradiation with a light beam of a 500 nm wave- 
length, although the single-wall carbon nanotubes of 
about 1.0 nm and about 1.1 nm diameters were van- 
ished, on the other hand in this case, two novel single- 
wall carbon nanotubes of about 1 .35 nm and about 1 .56 
nm diameters appeared. 
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[0027] Furthermore, as a result of executing the light 
irradiation using a light beam of a 620 nm wavelength, * 
only single-wall carbon nanotubes of about a 1 .2 nm di- 
ameter remained, and the carbon nanotubes of the oth- 
er diameters were vanished. It was shown that the sub- 
stantially the same results were provided for the oxygen 
concentration and the kind of the chemical bond of C 
and O regardless of the light irradiation of the different 
wavelengths or without the light irradiation in the all 
specimens formed by the HiPco method from the X ray 
photo electron spectroscopy (XPS). Thereby, it was 
learned that the vanished single-wall carbon nanotubes 
were combusted selectively instead of the chemical re- 
action with the oxygen or the formation of a carbonyl or 
a carboxyl compound. 

[0028] Next, FIG 2 shows absorption spectra of the 
case without the light irradiation and the cases of the 
light irradiation using light beams of 370 nm, 420 nm, 
500 nm, and 620 nm wavelengths each at 320°C for 30 
minutes. Although the absorption spectra shows that the 
light irradiation does not influence the band peak 
(corresponding to the first intermediate transition), the 
S 22 (corresponding to the second intermediate transi- 
tion) peak intensity of 1 .37 eV corresponds to single- 
wall carbon nanotubes of a 1 .2 nm diameter, with the 
intensity increased after the light irradiation of 420 nm, 
500 nm or 620 nm, and the S 2 2 peak intensity of 1 .5 eV 
and 1 .63 eV (corresponding to the single-wall carbon 
nanotubes of1.1nmand1.0nm diameters) were re- 
duced. 

[0029] These results show that the light irradiation 
promoted the oxidization of the single-wall carbon nan- 
otubes, and that a light beam of a specific wavelength 
selectively oxidized, combusted and vanished single- 
wall carbon nanotubes of specific structures. 

<Example 2> 

[0030] Next, FIG 3 shows the Raman spectra at the 
time of placing single-wall carbon nanotubes produced 
by the same method as in the example 1 in a hydrogen 
peroxide water, and executing the light irradiation for 2 
minutes using a light beam having a 488 nm wavelength 
in the hydrogen peroxide water of 100°C. For the com- 
parison, FIG 3 also shows the Raman spectrum in the 
case without the light irradiation in states with the single- 
wall carbon nanotubes placed in a hydrogen peroxide 
water of 100°C. 

[0031] As it is apparent from FIG 3, in the case of the 
light irradiation of a 488 nm wavelength, the peak at 200 
cm* 1 is reduced, and in contrast, in the case without the 
light irradiation, the Raman spectrum change was not 
observed before and after the process with the hydro- 
gen peroxide water. 

[0032] Therefore, the experiment results show that 
the light irradiation promotes the oxidization of the sin- 
gle-wall carbon nanotubes also in the case of using an 
oxidizing agent such as a hydrogen peroxide water, and 
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it denotes that a light beam of a specific wavelength se- 
lectively oxidizes, combusts and vanishes single-wall 
carbon nanotubes of specific structures. 



[0033] As heretofore explained in detail, according to 
the present invention, a method for selecting structures 
for carbon nanotubes by the light irradiation, capable of 
io selectively obtaining only carbon nanotubes having spe- 
cific structures by the light irradiation and the combus- 
tion at a low temperature can be provided. 



1 . A method for selecting structures for carbon nano- 
tubes by the light irradiation, characterized in se- 
lectively obtaining carbon nanotubes having struc- 

20 tures different from the structures of the carbon na- 
notubes to be vanished by irradiating carbon nano- 
tubes with a light beam of a single wavelength so 
as to have carbon nanotubes in specific electron 
states in the excited states, and oxidizing and com- 

25 busting the carbon nanotubes in the excited states 
by an oxygen or an oxidizing agent so as to vanish 
the same. 



2. The method for selecting structures for carbon na- 
30 notubes by the light irradiation according to claim 1 , 

characterized in that the carbon nanotubes in the 
excited states are vanished by oxidizing and com- 
busting at a temperature of 0°C or more and 500° C 
or less. 

35 

3. The method for selecting structures for carbon na- 
notubes by the light irradiation according to claim 1 
or 2, characterized in that the oxidizing agent is a 
hydrogen peroxide water, a nitric acid or a potass i- 

40 um permanganate. 

4. The method for selecting structures for carbon na- 
notubes by the light irradiation according to any one 
of claims 1 to 3, characterized in that light beams 

45 having different wavelengths are irradiated to the 
carbon nanotubes respectively for selectively oxi- 
dizing, combusting and vanishing carbon nano- 
tubes having specific structures corresponding to 
the wavelength of each light beam. 

so 

5. The method for selecting structures for carbon na- 
notubes by the light irradiation according to any one 
of claims 1 to 3, characterized in that only carbon 
nanotubes having specific structures are selectively 

55 obtained by irradiating the carbon nanotubes suc- 
cessively with a plurality of light beams having dif- 
ferent wavelengths. 
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6. The method for selecting structures for carbon na- 
notubes by the light irradiation according to any one ■ 
of claims 1 to 5, characterized in that the carbon 
nanotubes are single-wall carbon nanotubes. 

5 
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Fig. 3 
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